INTRODUCTION
Bryophytes belong to the group of the oldest known land plants, which includes liverworts, hornworts, and mosses. More than 22000 species of mosses (Bryophyte) exist in the world [1, 2] .
The mosses are abundant in moist, shady placeson soil, rocks and tree trunks. However, many mosses can tolerate extreme aridity and cold; some mosses can lose a significant amount of water in dry conditions and then revive and reproduce when moisture is available. Some mosses grow on rocks and soil in arctic and alpine regions, others colonize bare rocks. Recently, cooled lava beds and soils made bare after forest fires [3] [4] [5] [6] [7] . One of the features that helped bryophytes to survive and maintain their place in contemporary flora is their content of biologically active compounds [8] . These bioactive compounds have been also reported as isoflavonoids, flavonoids, and bioflavonoids by Basile et al. [9] as well as terpenoids, phenolic, and volatile constituents by Saritas et al. [10] .
There is a vast array of medicinal plants used in the treatments of various ailments in the Turkey speaking areas. They are used singly or in combination with other medicinal plants that confer synergistic effect [11] .These medicinal plants or their extracts are administered in different ways, depending on the ailment. They could be administered orally, topically, by inhalation of vapor and steam bath. The medicinal plants are prepared as infusions in hot water, decoction in cold water, concoction with food and as tinctures with alcohol [11] . The Chinese, Europeans, and North Americans have used bryophytesas medicines for centuries. Over 400 years ago, the Chinese used some Fissidens and Polytrichum species as diuretics and hair growth stimulation tonics. Traditional cultures in India and North America used Bryum, Mnium, Philonotis spp. and Polytrichum juniperinum for healing burns, bruises and wounds. Marchantia polymorpha was used as a diuretic in France. In many of these cases, a scientific basis has been identified to justify use of plants. Several liverwort and moss extracts have antibacterial, antifungal, and antiviral activity [12, 13] . 
MATERIAL AND METHODS

Plant material
Preparation of the extracts for antimicrobial activity
Plant samples were treated with 0.8% Tween 80 aqueous solution to remove epiphytic hosts found on the plant surface. Then, samples were washed in tap and distilled water, and dried on filter paper at 23-25°C for 1-2 weeks. The extracts of the plants were prepared according to the methods described by Ertürk and Holopainen, with slight modification [14, 15] . Dried leaves and twigs of the plants were extracted with 95% ethanol (50 g, 1/5 ethanol) at a room temperature. The extracts were kept at 4°C for a day, they were filtered through a 45 μm membrane filter, and then the solution was dried with an evaporator. The crude extracts were stored at -20°C until used.
Preparation of the extracts for antioxidant activity
About 5 g of dried moss samples were weighed and 40 ml ethanol was added to each, then each mixture was extracted in an ultrasonic bath (Elma ® Transsonic 
Antifungal and antibacterial assays
Antibacterial and antifungal activity was measured using diffusion disk plates on agar [16] . In order to test antibacterial and antifungal activity, the fractions of 8 plant samples were dissolved in 70% ethanol. For bacteria Mueller Hinton Agar medium (20 ml) and for fungus Sabouraud Dextrose Agar (20 ml) was poured into each 15 cm Petri dish. All bacterial strains were grown in Mueller Hinton Broth medium for 24 h at 37°C; C. albicans, A. niger and S. cerevisiae were grown in Sabouraud Dextrose Broth at 27°C for 48 h. Growth was adjusted to OD (600 nm) of 0.1 by dilution with Mueller Hinton Brothmedium for the bacteria and Sabouraud Dextrose Broth for the fungus. Suspensions (100 μl) with approximately 108 bacteria and fungus per milliliter were placed in petri dishes, over agar and dispersed. Then sterile paper disks (6 mm diameter) were placed onto the agar to load 15 μl of each plant sample (20 mg/ml). One hundred units of Nystatin and for the bacteria Ampicillin and Cephazolin obtained from a local pharmacy were used as a positive control with alcohol as a negative control. Inhibition zones were determined after incubation at 27°C for 48 h.
Minimum inhibition concentration
The agar dilution method described by Vanden Berghe and Vlietinck [17] was used for the antibacterial screening with slight modifications. Instead of 96 well microtiter plates, 24 well tissue culture (Corning) plates were used. The crude extracts and moss samples were dissolved in 70% ethanol and physiological Tris buffer (Amresco 0826-500G) 1:4 and mixed with equal amount of 3% agar solution at 45°C to a final concentration of 50, 25, 12.5, and 6.25 mg of extract/ml. From the solutions, 400 μl was transferred into each well of the tissue culture (Corning) plate. After solidification each well was inoculated with 10 μl of freshly prepared bacterial suspension of 10 8 bacteria/ml and incubated at 37°C for 24 h. Ampicillin and Cephazolin were used at 4, 2, 1, and 0.5 mg/ml (1 g/ml stock) as a positive control for bacteria, nystatin was used as a positive control for the fungus, and 70% alcohol was used as a negative control. The bacterial growth was assessed using a stereomicroscope after the incubation period.
Analysis of antioxidant capacity
The antioxidant activities of the species were investigated in terms of TPC, CUPRAC, FRAP and DPPH radical scavenging assays.
TPC were analyzed with Folin-Ciocalteu's phenol reagent method [18] . The mixtures absorbance was measured at 760 nm and calculated as a gram of gallic acid equivalent per kilogram of dry weight sample by using a standard curve for gallic acid in the concentration range between 0.015 and 0.5 mg/ml (R 2 =0.997). The CUPRAC method procedure was performed according to Apak et al. [19] with some modifications. The absorbance at 450 nm was recorded against a reagent blank. Trolox standard curve was used (R 2 =0.998) and values were expressed as μmol Trolox equivalent of 100 g sample.
The antioxidant activities of the samples were determined by FRAP assay [20] . The method is based on the measurement of iron-reducing capacities of the samples. According this method, FRAP reagent and sample extract were mixture and incubated at 37°C and the absorbance readings were taken at 593 nm after 4 min. Results were expressed in μmol trolox equivalent of 100 g sample.
Radical scavenging activity of ethanolic extracts against DPPH radical was measured spectrophotometrically at 517 nm. The assay is based on the color change of the DPPH solution from purple to yellow as the radical is deactivated by the antioxidants [21] . The values are expressed as SC 50 (mg sample/ml), the concentration of the samples that causes 50% scavenging of DPPH radical. SC 50 of Trolox and vitamin C were used as a standard to compare DPPH results with others [21] .
Statistical analysis
Values shown in tables were means ± standard deviations of three parallel measurements. The values showed the simple harmony. They were demonstrated by visual ( fig.1) . The SC 50 values were calculated from linear regression analysis (MsExcel 2003). Data were tested using SPSS (SPSS Inc., Chicago, Illinois, USA). Statistical analysis of the results was based on Mann-Whitney U-test and Pearson correlation analyses. Differences of p<0.05 were considered to be significant. 20 wszystkim organizmom z wyjątkiem Homalothecium nitens. Wyniki: Otrzymane wyniki pokazują, że można stosować mchy jako potencjalne naturalne czynniki antyoksydacyjne, przeciwbakteryjne w różnych chorobach ludzi, zwierząt i roślin. 
RESULTS AND DISCUSSION
Some of crude extracts of mosses contain hypnogenols, biflavonoids, and dihydroflavonols polycyclic aromatic hydrocarbon, biflavonoids and hydroxy flavonoids [9, [22] [23] [24] . Since flavonoids are known to be synthesized by plants in response to microbial infection, it is not surprising that they have been found to be effective antimicrobial substances against microorganisms. Activity is probably due to their ability to complex with extracellular and soluble proteins and to complex with bacterial cell walls. More lipophilic flavonoids may also disrupt microbial membranes [9] .
The 8 cruded extracts exhibited relatively strong antibacterial and antifungal activity. The results obtained in the disk diffusion assay regarding the growth inhibition zones of the tested microbes are shown in table 1. The crude ethanol extracts obtained from H. cupressiforme showed antibacterial and antifungal activity (6-14 mm/15 μl inhibition zone) against the test organisms. This crude T.E.
T.E.
15.33±0.33
T.E. [28] studied about antifungal and antibacterial activities of L. sciuroides and reported as our finding that it did not show considerable antifungal activity against C. albicans. The similar zones inhibition of C. molluscum and E. striatulum extracts against all tested bacteria were observed while the crude ethanol extract of C. molluscum was the highest antimicrobial effect with 19 mm/15 μl inhibition zone against only strain P. aeruginosa.
Extracts showed more antibacterial activity against Gram (-) bacteria average of 10.06 mm/15 μl than against Gram (+) bacteria average of 11.26 mm/15 μl. All of the crude extracts from mosses showed more antibacterial activity than antifungal activity 10.60 mm/15 μl and 12.97 mm/15 μl inhibition zones, respectively (tab. 1).
Terpenoids represent another class of secondary metabolites which benefit the producing organisms with improved pathogen resistance [29] . In this study, one or more of the antifungal activities observed in the extracts from H. sericeum, L. sciuroides, C. molluscum may be attributed to active terpenoids. And also, antimicrobial activity of H. cupressiforme was also analyzed recently by Dulger et al. [22] . According to those results, the extract inhibited growth of bacteria and fungi at a concentration of 30 mg/ml. The results are similar to our results obtain from in this study (tab. 1). The data indicated that yeast S. cerevisiae was the most sensitive strain against H. sericeum with the strongest inhibition zone of 25 mm/15 μl.
Evaluation of MIC of the crude extracts obtained from moss species is reported in table 2. MIC of the crude extract obtained from H. cupressiforme for K. pneumoniae, B. cereus, and S. cerevisiae was ≥12.5 mg/ml for S. aureus was ≥50 mg/ml. However, this concentration was also effective on inhibition of other tested microorganisms. According to the MIC conclusions, T. delicatulum required a MIC of ≥6.5 mg/ml for S. typhimurium and P. aeruginosa and of ≥12.5-25 mg/ml for the other test microorganism. H. nitens required a MIC of ≥6.5 mg/ml for S. typhimurium and of ≥12.5, 25 and 50 mg/ml for the other test microorganism. And also, C. molluscum required a MIC of ≥6.5 mg/ml for P. aeruginosa and of ≥12.5-25 mg/ml for the other test microorganism.
In some scientific research studies, many identificated moss extracts showed various levels of inhibition activity against some tested fungi and bacteria, but also some mosses from supplied different regions had no activity in another studies. This variability can be expressed as the chemical composition differences, might be caused by the ecological niches, climatic conditions, and other biotic factors [9, 22, 24, 25, 27] .
Ta b l e 2
Results of antimicrobial screening of 8 moss species extracts determined by the agar-well diffusion method (MIC. in mg/ml) MIC On the other hand, this study can suggest that moss extracts may be used as a broad spectrum antibiotic in the future. This estimating supports the use of natural components. Generally, it is known that natural compounds are better than synthetic materials. According to our results, the antimicrobial results did not show a tremendous impact, but also these natural products had advantage effects. These effects may be attributed to the presence of a specific group (flavonoid and terpenoid) of compounds in extracts. Along with previously published data, our results indicate that mosses could be useful as sources of new antibacterial and especially antifungal agents [9, 22, 24, 25, [27] [28] [29] [30] . Fractionation, isolation, and characterization of secondary metabolites of such compounds might lead to the introduction of new active compounds for possible application in pharmacy after further pharmacological tests.
Most plants contain a large number of polyphenols and flavonoids are the main components responsible for antioxidant activities and each plant tends to have a specific profile [31] [32] [33] . The results of the colorimetric analysis of total phenolics (TPC) based on the absorbance values of the extract solutions reacted with FolinCiocalteu's reagent, expressed as mg gallic acid equivalent per 100 g sample, are given in table 3. The highest value -8.21±0.04 mg GAE/100 g sample -was determined for H. sericeum. E. striatulum was second with value of 7.12±0.05 mg GAE/100 g sample. The phenolic content of H. lutescens was considerably higher than H. sericeum. In order to determine total antioxidant capacity, CUPRAC and FRAP assays were used. The CUPRAC and FRAP values were calculated using Trolox as an antioxidant standard. Among the samples, H. sericeum and E. striatulum showed nearly the same CUPRAC, FRAP activity (tab. 3), and resulted in the highest antioxidant activity. H. lutescens had the lowest antioxidant activity tested with CUPRAC and FRAP. DPPH assay was used to estimate the total free radical scavenging activity of moss extracts. DPPH is a stable free radical, and any molecule that can donate an electron or hydrogen to it can react with it and there by bleach the DPPH absorption at 517 nm. The results of DPPH test of the samples are given in table 3. Samples with higher value of total phenolics, CUPRAC and FRAP showed the strongest free radical-scavenging effect (lower SC 50 values). SC 50 value of a standard antioxidant Trolox and Vitamin C were used to compare with synthesis compound SC 50 results. As seen from table 3, the highest value of SC 50 -4.40±0.09 mg/ml -belongs to H. nitens and the lowest one belongs to E. striatulum with 0.22±0.01 mg/ml. It means that it had the strongest radical scavenging activity. When discussing the results concerning antioxidant activity, eight studied mosses showed to different range levels of antioxidant properties. It should be noted that these results was whole data on the antioxidantactivity. Some samples (H. lutescens or e.g. H. nitens) could have lower level, but also they could have so important bioactive compounds in their hidden lower levels. As it can be seen in our results, eight mosses have different levels of antioxidant and antimicrobial activity. Especially, Homalothecium sericeum demonstrated strong bioactivity effect. According to these results, mosses may be used as possible natural antioxidant, antimicrobial agents to control various human, animal and plant diseases. Although the efficient comparison of two activities was difficult, it can be said that antimicrobial activity was a step ahead. Applied antioxidant assays showed that they had some antioxidant properties. When comparing the literature, data of these antioxidant results could be evaluated as unsatisfactory. This opinion could be broken down with specific component findings by the chromatographic techniques such as LC or GC/MS. So, some possible specific bioactive compounds could be found and results could be supported. In the light of this study results, these natural compounds could be a source and a chance for the future studies. 
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